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The helimagnet FeP is part of a family of binary pnictide materials with the MnP-type structure
which share a nonsymmorphic crystal symmetry that preserves generic band structure characteristics
through changes in elemental composition. It shows many similarities, including in its magnetic
order, to isostructural CrAs and MnP, two compounds that are driven to superconductivity under
applied pressure. Here we present a series of high magnetic field experiments on high quality single
crystals of FeP, showing that the resistance not only increases without saturation by up to several
hundred times its zero field value by 35 T, but also exhibits an anomalously linear field dependence
over the entire field range when the field is aligned precisely along the crystallographic c-axis. A
close comparison of quantum oscillation frequencies to electronic structure calculations links this
orientation to a semi-Dirac point in the band structure which disperses linearly in a single direction
in the plane perpendicular to field, a symmetry-protected feature of this entire material family.
We show that the two striking features of MR—large amplitude and linear field dependence—arise
separately in this system, with the latter likely due to a combination of ordered magnetism and
topological band structure.
INTRODUCTION
The orthorhombic “MnP-type” (or B31) family of ma-
terials has been under study for several decades [1–4]
but has recently received much attention due to a di-
verse range of properties. Aside from a peripheral con-
nection to iron-based high-temperature superconductiv-
ity [5], novel magnetism [6–8], quantum criticality [9, 10],
metal-insulator transitions [11], and indications of non-
trivial electronic topology [12–14] have all been reported
in a series of binary transition metal-pnictides. Two
members of the B31 family, CrAs and MnP itself, have
also been shown to superconduct upon suppression of he-
limagnetic order under applied pressure [9, 15–17], sug-
gesting a novel interplay of ground states. Furthermore,
a linear magnetoresistance (MR) was observed in CrAs
near the magnetic quantum critical point and was at-
tributed to the presence of a “semi-Dirac” point in the
band structure (one which disperses linearly along a sin-
gle direction in momentum space) [14]. Due to the non-
symmorphic Pnma structure of the MnP family, many of
the specific band structure features, including the semi-
Dirac point, are preserved across different members [18].
CrAs, MnP, and paramagnetic WP (ambient pressure
Tc = 0.8 K) [19] are all predicted to be unconventional
topological superconductors as a result, suggesting a pos-
sible connection between helimagnetism, superconductiv-
ity, and non-trivial topological features that deserves fur-
ther attention.
Here we present electrical resistance measurements of
high quality single crystals of FeP, a B31 family member
isostructural to CrAs and MnP, which orders magneti-
cally below TN = 120 [2], in a state which was shown
in closely related FeAs to feature a non-collinear spin-
density wave order [7]. Following up previous basic trans-
port and physical property measurements [3, 20], we fo-
cus on transport and fermiology under high magnetic
fields. We observe large, nonsaturating magnetoresis-
tance (MR) reaching values of several hundred times,
which we attribute to a nearly compensated Fermi sur-
face (FS) resulting from a shift in carrier mobility below
approximately 50 K, an explanation that likely applies
to other B31 compounds. Studying the field-angle de-
pendence, we observe features of a complex Fermi sur-
face but also a singular linear MR when field is directed
precisely along the crystallographic c-axis. A careful
comparison of quantum oscillations data with calculated
band structure directly confirms the location of the semi-
Dirac point in this system, and more importantly, its role
in the anomalous linear MR. Seizing on new theoretical
work [21], we propose a link between linear MR, topolog-
ical band structure, and the magnetically ordered state,
which combine to unique effect in FeP.
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FIG. 1. Electrical resistivity (at B = 0 T) as a function of
temperature for an FeP crystal with a residual resistance ratio
of 1000. The kink in the resistivity curve at 120 K corresponds
to the Ne´el ordering temperature. The inset presents a zoom
of the low temperature resistivity, highlighting the plateau
below 20 K and value of residual resistivity of 0.2 µΩ cm.
RESULTS
Magnetotransport
The electrical resistivity (Fig. 1) and magnetic sus-
ceptibility [3] of FeP are very similar to that of FeAs
[22], with an s-shaped curvature and distinct kink at TN
(which is 70 K in the arsenide), suggesting that itinerant
spin-density wave magnetism is very similar in both com-
pounds. However, even compared to the highest quality
crystals of FeAs [8], the residual resistivity of FeP is ex-
tremely small (as low as 0.2 µΩ cm), with a residual
resistivity ratio (RRR = ρ300 K/ρ1.8 K) of up to 1500,
much larger than that of CrP and CrAs [16, 23, 24], and
rivaled only by MnP [25]. (The trend of higher RRR in
phosphides appears generic to this family, as it is also ob-
served in CoAs [26] and CoP [SI, Fig. S??]). This makes
FeP an ideal candidate for high fidelity measurements of
magnetotransport and quantum oscillations, in particu-
lar at the high fields available with resistive magnets.
We focus on two single-crystal samples, S1 and S2,
for magnetotransport measurements with fields rotated
through different crystallographic orientations as shown
in Fig. 2. Both S1 and S2 exhibit very large and non-
saturating MR at all angles, as well as multi-frequency
quantum oscillations (QOs). For both, the largest MR
is observed when B ‖ [100]. It is slightly larger for S2,
likely due to its higher RRR [27–29]. Most angles show
generally similar behavior, with a superlinear field de-
pendence that becomes more linear at high applied field.
Power law fits to MR data below 15 T have a maximum
n = 1.5 for the angles exhibiting the largest MR, which
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FIG. 2. Transverse magnetoresistance ∆ρ/ρ, defined as
ρ(B)−ρ(0 T)
ρ(0 T)
, measured up to high magnetic fields oriented at
several angles for FeP crystals (a) S1 (RRR ≈ 1300) and
(b) S2 (RRR ≈ 1400), whose orientations are noted. Note
that S1 was actually aligned with two different reflections of
the [101] family, but the angle has been shifted to ease under-
standing. The temperature was held constant at 400 ± 50 mK
for all measurements. MR is larger for S2 at the common
B ‖ a-axis orientation, which can be linked to its higher RRR
value. (c) The B ‖ c-axis data for S1, with a linear fit (pink)
made over the entire field range. The inset is a closeup of the
data below 1 T.
is nearly 300 times the zero field resistivity. This increase
is more than two orders of magnitude larger than that of
in FeAs in high field [8]. Given the close structural and
magnetic parallels between the two materials, the only
explanation is that the substitution of P for As and re-
lated significant decrease in residual resistivity produce a
bigger in-field response. Indeed, the B31 materials with
the largest MR are all phosphides. MnP [4] has only been
measured up to 8 T, but at some angles actually shows
a larger increase than FeP up to the same field. CrP [23]
has been measured up to 58 T with an MR of about 350.
All of these have a significant angular variation of MR.
There are other examples of large MR in transition metal
pnictide binaries: the four (Nb/Ta)(P/As) combinations,
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FIG. 3. Angle-dependent magnetoresistance for FeP samples
(a) S1 and (b) S2 from Fig. 2 at magnetic fields of 14 T and
35 T, respectively. The dashed line in (a) is a cosine fit to
the data with all parameters except the period fixed, and the
spike at maximum MR excluded (see text). Data in (b) were
originally taken only from -15◦ to 110◦, and so were mirrored
around 90◦.
which form in a cubic structure, can reach values as high
as 10,000 by 10 T [30].
The most striking aspect of the FeP angular MR data
is found when the magnetic field is aligned along the crys-
tallographic c-axis. As shown in Fig. 2(c), the MR data
is linear from zero field [Fig. 2(c) inset] up to the high-
est measured field of 35 T. The low-field behavior was
also verified in the same sample after measurements at
NHMFL, confirming the linearity when sweeping the field
through zero [see supplementary Fig. S2]. This orienta-
tion also has the lowest MR of any of the angles measured
in either rotation plane. While MR tends toward linear
behavior at high fields for all angles, there is no smooth
decrease in crossover field, as none of the other curves are
truly linear even below 10 T. Therefore the c-axis MR lin-
earity must be closely linked to a particular property of
the Fermi surface at that orientation.
The anisotropy is seen more clearly in a measurement
of MR upon field rotation at constant fields, shown in
Fig. 3, which also reveals intricate features similar to
those observed in MnP [4]. Both these features and the
underlying pi-periodic dependence indicate an anisotropic
band structure with complex Fermi pocket shapes. Inter-
estingly, as shown in Fig. 3(a) the maximum in MR ac-
tually occurs at an angle 5◦ away from the a-axis, where
there is a narrow spike. This is not due to misalignment
of the rotator, because the resistance minimum lies near
90◦ and is smoother and more symmetric. In fitting a
cosine to the data and leaving all parameters except the
pi periodicity free, the maximum is still within 2◦ of the
expected location. The significant deviations from pure
cosine behavior, even away from the anomalous spike,
show that the Fermi surface does not have a simple ellip-
soid shape.
To further investigate the detailed MR behavior, tem-
perature sweeps at constant fields up to 14 T were made
for specific angles, showing similar behavior to that seen
in CrP and several extreme MR rare-earth pnictide bi-
naries, with a “turn on” temperature, T*, below which
magnetoresistance increases significantly [23, 27]. Fig-
ure 4(a) presents data for the angle with maximum MR
in Fig. 3(a), 5◦ away from B ‖ a. Here we define T* as
the temperature of the resistance minimum in the 14 T
sweep, roughly 35 K. As demonstrated in Fig. 4(b), below
this temperature the angular dependence of the MR be-
comes noticeable, similar to that of previously mentioned
materials.
As can be seen in both Fig. 1 and Fig. 4(a), the zero
field resistance changes little below about 20 K. Our ob-
servation of a constant linear increase in MR down to
2 K means that in this temperature range the MR at
constant B is no longer solely a function of ρ0, in viola-
tion of Kohler’s rule [31, 32]. In other words, a different
scattering mechanism has emerged below T*, or different
parts of the FS are contributing to scattering. This can
be compared to the data from other angles [Fig. 4(b)],
all of which have a minimum at a similar T* at 14 T
and at least sublinear behavior at lowest temperature,
indicating an approach to saturation, mimicking zero-
field behavior. This includes the data set taken at 0◦,
a small shift from that in Fig. 4(a). Thus the Kohler’s
rule violation does not occur at all angles (See Fig. S??
of the Supplemental Information, which shows Kohler’s
rule obeyed for B ‖ c-axis).
Field sweeps in a Hall geometry for field along the
[101], [010], and [001] directions are negative at all tem-
peratures, and linear except for the [101] data [Fig. S??]
below 50 K. Fits to a two-band model show that the most
significant drop in the hole-electron mobility ratio is in
the 25-50 K range, i.e. around T*, further proof of a
change in the electronic properties of FeP at low temper-
atures.
Quantum Oscillations and Electronic Structure
To understand the role of FS geometry and complex-
ity in the observed anomalous MR field and angle de-
pendence, we present a comparison of QO data and cal-
culated FS. Figure 5(a) presents the electronic struc-
ture calculated along the high-symmetry lines in recip-
rocal space. We assumed a paramagnetic configuration
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FIG. 4. Temperature dependence of the resistivity of sam-
ple S1 for different orientations and magnetic field strengths.
(a) Temperature dependence at the maximal magnetoresis-
tive angle for field in the a-c plane (θ = 5◦) from Fig. 3(a), in
zero and various applied fields. (b) Temperature-dependent
MR of the same sample at three more angles and 14 T; for all
three at least the beginning of a plateau is apparent at low
temperature, in contrast to the θ = 5◦, 14 T data in panel
(a).
because of the small magnetic moment [3], which is a
consequence of the octahedral crystal field that inverts
the 4s and 3d energetic levels and changes the Fe con-
figuration from commonly observed d6 to d8. The band
structure is similar to that recently reported [33], though
our Fermi level appears to be at a slightly lower energy,
which somewhat alters the appearance of the Fermi sur-
face. The nonsymmorphic symmetry of the MnP-type
structure implies the presence of several linear bands
and semi-Dirac points. While the eightfold-degenerate
anisotropic Dirac points at R and S are split via the spin-
orbit coupling in analogy to other topological pnictides
[34, 35], the fourfold-degenerate points at X, Y and Z
are protected by the nonsymmorphic symmetry [18]. We
note, however, that the helimagnetic order observed in
FeP may break the symmetries along certain lines and in
practice, only the semi-Dirac point at Y will be robust
[36].
The calculated Fermi surface is visualized in Fig. 5(b).
As expected from the angular dependence of magnetore-
sistance, there are several pockets (of both hole and elec-
tron nature) and they have a complicated geometry. As
the nonsymmorphic symmetry induces non-trivial fea-
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FIG. 5. Density functional theory results for FeP. (a) Elec-
tronic structure of FeP calculated along high-symmetry lines
labeled in panel (b). The zoom highlight shows the semi-Dirac
point near 71 meV. (b) Calculated Fermi surface including all
eight bands that cross EF .
tures that may strongly affect transport properties, it
is particularly important to examine the agreement be-
tween theoretical FS and experimental data. To this end,
we have calculated the frequencies of quantum oscilla-
tions which arise from orbits or carriers perpendicular to
an applied magnetic field around extremal parts of FS
pockets.
The orbital frequency in units of magnetic field is re-
lated to the area enclosed by an orbit, thus the shape of
the Fermi surface determines QO frequencies. While QOs
are visible in the MR data, we found them easier to de-
tect and analyze with torque magnetometry, which has
a higher sensitivity and simpler background. Magnetic
torque was measured in parallel with MR measurements
of sample S1, but on a different sample (S3). An example
of the raw torque signal is shown in Fig. 6(a) for B ‖ a
and B ‖ [011]. Because the torque amplitude becomes
very small when the field is aligned with crystal axes,
the B ‖ a data have been multiplied by a factor of five.
Oscillations are clear down to about 7 T for both an-
gles. A polynomial fit was subtracted to remove the non-
oscillatory background, and a fast Fourier transform was
5performed on the residual signal. The frequency spec-
tra for the same two angles are in Fig. 6(b). The Greek
letters in that panel correspond to orbits identified in a
previous QO paper that rotated between the three prin-
cipal axes [37], based on their having similar frequency
values. Our experiment reproduces the same reported
frequencies at the two common angles, but there is one
(marked with an asterisk) not previously observed. The
extreme similarity at both angles justifies using the previ-
ous results as a second verification of our band structure
calculations.
Figures 6(c)-(d) present a comparison between theo-
retical and experimental frequencies identified by angular
sweeps in this (c) and in the prior (d) study [37]. In the
skeaf calculations, the Fermi level was tuned over a wide
range of energies and the best agreement was found when
EF was set to only 15 meV above the original DFT value.
The agreement in a 5 meV window around this value was
noticeably better than at any alternative energy setting.
We note that only the fundamental frequencies were in-
cluded in the plot; as noticed both in this work and the
prior work, there are many higher frequencies in FeP that
can be attributed to harmonics or magnetic breakdown,
and which skeaf would therefore not predict. Similarly,
predicted frequencies that were unlikely to be observed,
either because the predicted effective mass was too large,
they were very close in frequency to another band, or they
existed over a narrow angular range, have been excluded.
In (c) some of the bands have been rigidly shifted by up
to 200 T, but this does not change the qualitative angu-
lar dependence. It is possible in both cases to identify
similarities in the angular dependence of the theoretical
and experimental frequencies, confirming in multiple di-
mensions general agreement between the theoretical and
experimental Fermi surfaces. The agreement seems over-
all to be much better with the predictions for electron
(green lines) rather than hole (blue) bands.
DISCUSSION
There are two distinct interesting aspects of the mag-
netotransport of FeP, 1) that it is very large and 2) that
it follows a completely linear field dependence only for
B ‖ c-axis, and that it does so from very low field up to
more than 30 T, an unprecedented range. The two do
not seem intertwined, since the MR is large and nonsat-
urating at all angles. Linear MR, meanwhile, occurs only
at a specific orientation. However, studies of topological
semimetals have shown that the two can have roots in
the same physics. Electron-hole compensation generally
leads to a large, nonsaturating MR [29], and can occur
when the valence and conduction bands touch close to
the EF . These small pockets near the Fermi level can
often have a linear dispersion, i.e. the touching points
are topological Weyl or Dirac points. Cd3As2 [38] and
TlBiSSe [39] are two materials that combine large MR,
linear MR, and topological band structure features.
Large MR is seen in many more MnP-type materials
than linear MR. As noted, the MR of FeP is comparable
to observations in MnP [4] and CrP [23]. While smaller,
CoP [SI, Fig. S??] still has a sizable increase in compari-
son to CoAs. Using the zero field resistivity and the Hall
effect results [SI, Fig. S??], ωcτ = 1 by about 2 T, and
thus the continued increase past 35 T certainly exceeds
the classical limit for MR saturation [29]. However, sat-
uration should only appear at very high fields, if at all,
for compensated or nearly compensated materials, where
electron and hole transport is balanced [29]. Analyzed
with a two band model, Hall effect results for S1 show a
two order of magnitude change in the electron-hole mo-
bility ratio toward parity starting at 50 K [SI, Fig. S??],
roughly in the region of T*. The nonsymmorphic crystal
structure means other B31 pnictides will have a simi-
lar dispersion, providing the conditions for large MR in
those that have low residual resistivities (generally, the
phosphides).
There are only a few cases of linear MR over such a
wide range of field. Very few have as large of an in-
crease, and none show linearity to as low of field. Bilayer
graphene [40] and silver chalcogenides [41] can in fact ex-
hibit such behavior beyond 60 T. But the weak tempera-
ture dependence and 2D nature of the graphene samples
points to a wholly different origin. The high-Tc cuprates
are another example [42], but the low field behavior is
obscured by the superconducting state, so it is difficult
the point to where normal state linear MR begins. The
lack of linear ρ(T) in FeP (i.e. at the angle where pure
linear MR is observed) also prohibits a quantum critical-
ity explanation like that applied to the cuprates. Linear
MR has been seen in transition metal pnictides [38, 43],
even beyond 60 T in Cd3As2 [44], but the explanation in
that case is mobility fluctuations due to disorder. The
very low residual resistivity of S1 rules this out, and we
still see linearity (with a smaller MR) in a sample with
much lower RRR [SI, Fig. S??]. The fact that linear MR
is still preserved in that sample also shows that the MR
field dependence is preserved against disorder, even when
the magnitude is not.
The explanation given for linearity under pressure in
CrAs (where MR roughly doubles up to 14 T) was based
on the assumption that only a single, small FS pocket
contributes to magnetoconductivity for B ‖ c-axis. This
is the Abrikosov quantum linear MR picture, which says
such a pocket can very quickly be reduced to the low-
est Landau level in field. The linear dispersion leads to a
vanishing effective mass [45], producing a linear MR from
low field. This theory cannot be applied to FeP, as our
DFT calculations revealed the semi-Dirac point about
71 meV above the Fermi level [Fig. 5(a)] while based on
the QO comparison, the Fermi level in the analyzed sam-
ples seems to be shifted up by 15 meV. This means it is
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FIG. 6. Experimental-theoretical comparison of quantum oscillations in FeP. (a) Magnetic torque data taken at high field on
sample S3 for field applied along raw data for B ‖ [011] (orange) and the a-axis (purple, amplitude increase five times). (b)
Quantum oscillation frequency spectra of the data in (a). Peaks marked with Greek letters correspond to those found at similar
frequencies (±100 T) and the same angle in a prior quantum oscillation study [37], using the notation of that work. A peak
not identified in the previous study is labeled with an asterisk. (c) A comparison of observed fundamental quantum oscillation
frequencies (red dots) to predicted electron (green lines) and hole (blue lines) band oscillation frequencies for EF = +0.15 meV
generated by skeaf calculations for rotation between the angles in (a) and (b) of S3. (d) A comparison of skeaf generated
frequencies from the same FS to data from Nozue et al. [37] for field rotated between the a- and b-axes.
further away than the semi-Dirac point in CrP (found at
-47 meV) which showed large but nonlinear MR [14, 23],
whereas at optimal pressure the same point was less than
10 meV below EF in CrAs. Furthermore, the Fermi ve-
locities in FeP are too small (and so, the effective masses
too large) for this theory to be applicable.
We look instead to a recent theoretical work which
stated that in systems with both topological band struc-
ture features and long range magnetic order, a positive
linear magnetoresistance can emerge from low field [21]
and be maintained in higher fields. This would explain
the linear MR in FeP, irrespective of the location of the
half-linear dispersion, and its absence in paramagnetic
CrP [23], CoAs [26], and CoP [SI, Fig. S??]. The more
stringent requirements explain why linear MR is not as
widespread as large MR in the B31 class, in spite of crys-
tallographic protection of topological points. The rele-
vance of linear MR only appearing for field along the
helimagnetic propagation direction is unclear, though it
could also be that this effect appears at more orienta-
tions, but is obscured by other, larger contributions. We
note that the MR is minimized for field along the c-axis,
and still tends toward high field linearity at other an-
gles, perhaps a sign of dominance of the semi-Dirac point-
driven MR at high field. Whether this explanation could
also apply to CrAs is uncertain, as MR becomes closest to
linear only after suppression of magnetic order [14]. How-
ever, even at atmospheric pressure the MR in CrAs is ap-
proximately linear by 5 T. The low field behavior changes
from sublinear to roughly quadratic with higher pres-
sure. This could also be an example of changing weight
of multiple MR contributions with different pressure de-
pendences. Linear MR has been seen in the other two
magnetic B31 compounds in certain field ranges: FeAs
shows a quadratic-linear crossover around 10 T [8], while
MnP can have quasilinear MR from below 2 T [4]. How-
ever, interpretation of the latter data is complicated by
the presence of metamagnetic transitions, which may al-
ter the relation between the semi-Dirac point and mag-
netic order.
The magnetoresistance of FeP is large and nonsaturat-
ing at all angles, but with significant changes in magni-
tude and field dependence based on orientation. At most
angles this large MR has a superlinear dependence that
straightens out by 35 T. However, with field along the
c-axis, MR is linear from very low field. We believe that
7this can result from the combination of ordered mag-
netism and topological band structure present in FeP,
which produces an anisotropic linear response. A key
finding is that large and linear MR in FeP have separate
origins. Other materials in this family display large (e.g.
CrP) or linear (CrAs) MR, but not both; in combining
the two, FeP exhibits impressive low temperature, high
field behavior. The field dependence is large, robust to
disorder, and simple (lacking even quantum oscillations
at low temperature), which could be very useful for fu-
ture application. Given what has already been achieved
with CrAs and MnP, the behavior of the magnetic state
and linear MR under applied pressure is an interesting
path for followup work.
METHODS
Crystal growth. Samples were grown by the chemi-
cal vapor transport (CVT) method using I2 as the trans-
port agent [3, 37, 46–48]. For the CVT growth, a single
zone horizontal tube furnace was used with the middle
at about 900 ◦C, and the end about 200 ◦C cooler due
to the natural gradient of the furnace. Fe and P powder
along with I2 polycrystals were sealed under vacuum in
a tube half the length of the furnace, arranged such that
the material was initially at the hot end of the tube (the
furnace center). Single crystals of FeP were found at the
cold end of the furnace after 10-14 days, often with FeP
powder; on occasion some would also be found at the
hot end. The crystals grown with CVT were polyhedral
with dimensions of roughly 0.5-3 mm in each direction,
but nevertheless showed a clear preference for growing
along the b-axis, the shortest crystallographic axis. X-
ray diffraction (XRD) of ground single crystals showed
single phase FeP with lattice parameters of a = 5.10 A˚,
b = 3.10 A˚, and c = 5.79 A˚, in line with previous reports
[20, 37].
Physical property measurements. Single crys-
tals were aligned with a combination of single crystal
x-ray diffraction and Laue photography. In-house elec-
trical transport measurements up to 14 T were taken
in a Quantum Design Physical Properties Measurement
System. Those to 31 and 35 T were made using two dif-
ferent resistive magnets at the National High Magnetic
Field Laboratory (NHMFL) and a rotating sample plat-
form, in conjunction with torque measurement done via
piezoresistive cantilever.
Density functional theory calculations. First-
principles calculations based on density functional the-
ory (DFT) were performed using Quantum Espresso
package [49, 50]. We treated the exchange and correla-
tion interaction within the generalized gradient approxi-
mation (GGA) [51], and the ion-electron interaction with
the projector augmented-wave pseudopotentials from the
pslibrary database [52, 53]. The electron wave functions
were expanded in a plane wave basis set with the cutoff
of 50 Ry. The FeP structure was modeled by the or-
thorhombic unit cell with lattice constants set to those
obtained via x-ray. The internal degrees of freedom were
relaxed until the forces on each atom became smaller
than 10−3 Ry/bohr. The Brillouin zone sampling at the
level of DFT was performed following the Monkhorst-
Pack scheme using a 12×16×10 k-points grid. Spin-orbit
coupling (SOC) was taken into account self-consistently.
The Fermi surfaces were calculated on the interpolated
mesh of 60 × 80 × 50 using the Paoflow code and vi-
sualized with FermiSurfer [54, 55]. The quantum oscil-
lation frequencies expected for the calculated Fermi sur-
face were evaluated using the Supercell K-space Extremal
Area Finder (SKEAF) code [56].
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